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. #5S9J0SS2tB«fc:feV>T\ ^7 5>^%Oltt, ±flB3£ (2) 
25 ft&fc&m 1 ^WZfcf b, 0. S^l^lOtMI^t), iftb< 

i ^&;i/Sfi~ 3 ^E/i/^fii?^ o > < tt i ^;p^a~ 2 ^uyss 

*»«©f6 2H«ifc*ViT, AMfi<J{C«> _hf25£ (3 a) .T?5R3n<53F# 

*s v &tm (4 b) 'y^n^mm<t^mt±t&^73.> 
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'5 t>T££. 

*»9i©*2tt«K:*^T, iitUTH JifBiS (2). T^$tl5^ 

*5BW©^3*«Ttt, ^75>{bt«J#aTvTf3S (3 c) T^£n 
fc^WW^tfAttJIIfc* TIBS: (4b) ^^tl^IM^i^SfSS 

;v s — a *> £ & $ i¥ «fc o n »*n z> -m&,±<D &m &#tf ;k x m& 



20 



i<h, TIBS (2) T^2n#'te^tl£££jfc£i*3Xa££#ty;i<h£ 



#^<t-rs, ties: ( i ) T^$n*^*«ft:^«»o.«ji5EFft«sai^.$na. 



A — Li + Z 3 — Zn-2 4 + XS&iaftt#l — - ; ■ » ^LJL^ R — A (1) 
(3c) (4b) J,7S>ft ^ ****** 



#»E©f6 3iB«T?«, TIBS: (2) TwSnsfc'&ttjWflV* 
25 R-X (2) 

±iasc>f», r, x\z-D^T commit , *mw<Dmimm\z&\,*Tmwistc 
*mw<Dm3f&mz&\,*T, R^sns rR^7k**j , rc 3 ~c ao 
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tt»»x#.L<tt:*ttft»*j.«.R** r^;-N (b) -V3R*n**T*»f 
§ rc l ~c ao iei'fczK*»j Rtf rc 1 -c 10 7';m^^*;^=i;v3£j 
5 ig^: (3c) TS^n^fiUf^MJit, ±i3sc (4b) Testis 

. g$»£WUTV>Tt> e fcv>Ci~c 10 T;wi/g (#l*.fcr, x^;w 

io c 8 ~'c 10 t;^-jp* (0»JAfc£, Ex;k 7'j;v,Vd^k 

2 i -:/n^x;k 2->^x;i/^ 

) , 

c 2 ~c 2 oT;wy-;p-c 1 ~c 20 r;w^;v-c,~c 20 y;w^^>' (M> i 
15 -tfx;i/- l - /f;nh+^i') , 

C 6 ~C J0 7 , J-JI/-C 1 -C 20 7;i'W*'>AJl'^ (M, 

c 1 -c 20 t;w^;1'-*;v^— ;p^-^r-> (#u x-feh^r:^ ^n/iy<;p^- 

^Ce^bTlciS *5F;k x:P;k :/afcf;k ^v^ntr;p, jj 

tert-f9-)V> ^>^;k ^\*^;k 7i^H) 
lt v>t <k ^ u ;us-e& ntc7mMe>M £ h 

h'J7^y'JM.(-B 4 t^. BniCi-CgM^Tkm* (0!l*-fc£> 
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*9-)V. x?;K ^ptf;K - r ^^Pt?;K /2-:^;k Wc-:/^^ 
-^)K ^>#;k -^->;k 7i^M) ^OgM&tUt^tfeJ: 

' 5 v;vm&m\f e>n&. ) 1 

7t^-M (-CB 6 (OB 6 ) (OB 7 ) B 5 te, 7K»^X^*@M 

S^ixWT^vic^CeT;^;^ B 6 s.tfB 7 «, ^-ti^nsv^&s 

10 tert-??-)V, A>^;K 'VfrS'M 7jZj^) S^tl^UT 

) > - • 

at — r > h u )v. 

15 C^CioT^ + ^S <«A«, ^h*^ Xh*>^ 7*D^^ ^ h 

20 7 5 Xte 

7 5 ^ £ £ £ <fc 5 . 

25 )V> X^;k :/Dt?;i/> -TVT'ohfJk i3-:/^;k sec-^^)V, tert-7 

?-)V. ^>^;k ^e^k yxx;^) t&£ 0 xx^;us©^Jt lt« 
, ;* h*~>;*7;i^x;k ih^yA^-jp, 2-^h^^ib+^M 
x;k t-yh^w^-jk. 
Ci~.c 20 t;i/^;i/*;w^-;i/ (#j, Hnp-r^t*) , 
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-hUM.(-'CN) , • • 

Xtt, Bil*$^rUTViTt>«kv^z:j!RTJU^;PSTa6S£ii:*W 
10 3 - at-^ j^o t:;k i h+^^M^KVf jk' 'a-^jne* 

rBJft3S**rixTViT«bJ:vsaiz:»T;WW3Sj tUTte, 
~>7;^ T)V^r^)V&. T)V*-)V^ 3 - AT — T > H U 7)\>*)V 

3 TiB^ (3 c) x^n^mmv^Amm^ 

25 A-Li (3c) 

#9&Sli©SiS3lB»te*sV>T, A^^ftS r-c 4 ~ c 2 0 ^f#^Sj , r« 

m^mmmi \zi$. mm&^mx^nx^xh^. z.<dm®:&}ivx\z, 

. 29 



WO 2005/075384 PCT/JP2005/002529 

mm&^mi'X^Th^c ^c^yjv^rjvm (Mtuz. x^;W 

5 C 2 ~C 10 X;i"!rx;Ug (0dAfc£, tfx;k 7'J;k ^d^-;k 'fV^n 
^x;k 2 i -^d^-;ia 2-;*3 i ;i'TU;k 2-:/^x/i/^ 

) , ■ 

«gi$nfc7K^s (-ob 3 :iW> Bnt.mm tu-;ut;wi^ x 
1 ~c 6 ^b7K^S (0a*.t& x^;k :/o.t?;k -rv^otf;!/, jj 

Tir^-^S (— C B 5 (OB 6 )' (OB 7 ) : B 5 J*. ymm^Ximm 

gs&gVT^T'b&^C x ~ C 6 TVW.V®. B 6 Rtf B 7 ^tl-fnS V> 

fc£, *^;k X^;K 7u\*)W -fV^D^k sec-^^)V, 
tert-79-)V. ^>^)V, 7x^§) T&D, 5^I3IUT 

s^fc»«UTw*»'&ictt, x^i^>s, mj*^ 1 ens 

25 ) , 

jv--r>Hu;k 

C^CoT^^S (M^tt, *h*'>> Xb*~>, ^O^-X 7h 
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.• * 

t7i-jm^) , • 

\z n®£U3$A£*iwr*><fc<> im~4mmx$nx\,>xh& 
tz&. mWkmAiz/\a¥>m?&mx'?z>mz^ ^>^>m<o^\z 

hk. s.wzmm-rz>wwkm^ m^muzsxAL<D^m\zmmzmx^ 

15 & £ £ £ £ a*T £ 3 o 

*&W(Dm3mm\z&^x, mmm&mvx^xh&^7x.-)\,m 

fJl/7i-Jk.4-^h + '>7x->IK 3, 4- 7x. 
20 ' ~;K 2- tfU^T&5;i£^<fcD^£l/^o 

^BJ©^3^l3*3ViT, ±1B5£ (3c) T^SnS^JfcU^Aiit 

^<7)»«, ±ib^ (2) ^snsfl^m^wcjtfu i ^jimm&Jcx 
tib^ (4c) "c^^n^^p^-s-ti^fflv^n^o 
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M (Z»)- n .. (4 C).. - 

Z 1 ^ ^ntiiT, ^-XftSft^T, JUH, 3^*, ttft, X' 
' 5 ttKi7-t>S^*!>> ntt2-4©SBE»T»*. 

#3B«©IS3JI*lfc:feV>T, M^^->^AOi^(l n**2T?. 

o z 1 h u ^ f Jk> U ;M f^lTS 0 , te#©z l a*ll*, ^mTafe-sc: 
ttfflfe©iftS3Stf* An^>fc&jRT**c: b<> mz 

, MgBr 2 , TiCl 4 > ZrCl 4 , HfCl 4 , Ga 2 Cl«, AlCls^&S C * 

15 *»i8©»3»«T?tt, tibjS (4b) -vjfc-ztizm&fc&mnfimKbn 

Z 3 -Zn-Z 4 (4b) 

#5B«©aS3IR«ra*, Jkte5£ (3 c) T^Sn5^fi>Jf<?^iR 
tf±fE5£ (4 b) Ti$nSI«ll&f^5fc«), w#j^&^j«-r** 
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•• * * . 

5 «tft*R*J;^BSi»A*J:©«k53a:«Jft*t-r*2l4:3{(t 

*»W©»3»«llC*ViT, ;K^»*ift^»Cttt, JhfSiS; (3c) 
SS^^l/iSJtTfftD, £ Stel$?SL< JSSSJ 1 . Q^iT*5. 

io 3-»*»c*viT,- Jtiss; (4 b) 7f^$n«agi»-fb-&f»©stt 

, iiia^ (2) T^sn&^^i^Mci^f-u l^^nsmfiunrfco, 

15 b) t^=E)Vit2 : l'T?n<et'?2>z\i:\Z&'?TG®m®HmiA 2 Zn]&£. 
MgBr 2 , TiCl 4 , ZrCl 4 > HfCl 4 , Ga 2 Cl 4 , A1C1 3 ) , ffiffllSMC^bT 

20' *»W©Ji3lR«IC*^T/#»«iu^AttJI (3 c)" tl»ft 

^*(4b) <h£^;i/ifcl : lT^t5^iCJ;oTfiSM[A-Z 
n-Z 3 &£V>«A-Zn-Z 4 ]££££i*3*£-k:«, M^S^IflS^ 

25 *%BJ©^3t8^T«, M^ffiV^nS. ttttfSEfcOViTCDlttlBtt, 

«rtc, FeCl s ©ck5&^(ni);0W£b<JiVv£>n3,, 

• #3$gj©*3tt«te:felr>T, ±ffi5C (2) TSStlS^ 
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%}l*:)MZftb\ Q.. OOl^ll-O'. 5^E;ws*V»b, »*U<tt 
o. 01 ^;i/^S~oT ltMiT^, SK$f£b<«o. o.3^;u^ 
*~o. o 7 ^e;i^ 

& ^ ti& m v rc <d t mmx* %> z> 0 

(TMEDA) ^0gIS £ W b T T <fe £ V> V > 3* T $ > £ d £ **T? 
10 #-5. • •• ' • 

#fgSJ©iit3«M£K:&^T, v ? TS>'fb-a-%W»«, ±12^ (2) 
n^.i^mi^MznV, 0. S^kMSM-l O^vH/^gT&D. $?;£b< 

i ^Sfi'- 3 ^;PMs*-ei& o > b < i ^mss- 2 ^^s* 

15 *^0j<Dm3^#(c^viT, jmaiwctt, jtfB5S (3 c) -e^sn&^# 
^u^^AKmtjiias: (4 b) ^5K£n&^*s^Mfc^£±iB:£ ( 

*mwvm3mmz&^x, ±^ (4b) xm^n'^>mm^.mt±m 

*mw<D$£3mmiz$$^T, Km*, $?£b<&ox;~i 0 o*C(D^$g 

^jET 35 3 £ £ £ b . 
25 ^Bj0)^3§i«^*3ViT, WibTit ±IB^ (2) frlS-fb^ 
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• ■ * 

S»SKlE»ttJli:.' TIBS: (4 a) T*SttST£f*5/i>,Mbft4&fc 
Jfc£i2\ fcftMSSqtT* WSBS*iB'&'»t, TIB" 

'5 tibs (i) T?^i£ftz%wM{b$®<D&mj5&*m&-isnz>. 

A-Zn-Y*(3b) + Z^-Mg-Z* (4a) ^sto** "W^ < 1 > 

io *&w<D&4mn-e\z. tibs (2) ^stis^wi^ens. 

R-X (2) 

*5g^oSl4JB«fc:*ViT, RTS§ns r^b7j<m*j , rc 3 ~c 10 
15 ffi$am&&is<itttmam&i > r^ r^-N (b) -T^£n£gT+»f 
$n*c 8 ~c 10 «aftnaa£*b<tt^<ajftS!iafej T&s^-g-tc, BTs$n 

IBS (3b) T^£n*##«MifNtt*£, JifBS (4 a) T^Stta^ if 

fiM*fbTV>T^«k^c 1 -c 10 7WS *<?)\>, x^;p 

c 2 ~c 10 T;war-;i/S <0!*.tf, t:-;u, 7U;k ^o^;k -fv^n 
25 ^n;k 2-^^-i-yn^-;k 2-^^;ptu;K 2 -yf-J^ 
) / 
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A>^;k ^\3r : >;k 7i^$) x^T-;i^S©^Ji:UT« 

x;u> /<?//- ^h^~>*;i/#— ;k 
5 c 1 ~c 20 T;^;i/^;i/#n;i/ , 

Zb'JM(-CN) ■ 

10 ^so&ji^xTVfcg) , 

Cx-Cjsot;^;!/-*;^-;^^^ (flu 7th+->> ^n/v-<;i/t 
=^>., tf/tn<;M-^>&£) , 

^®$nfc7Km* (— qb 3 B»tt. T;Wi^ xu-juy^wi/g. x 
15 ^Ce^Kil x^;k yptr;i/> -fv:/nfc?;k w 

-:?^;k tert-^^)V. ^>^)V, ^i^k 7xr;H) 

h'JTJWy'J M (-B 4 B 4 «C X ~C .K-ffc*** 

x^jk 7 , d^;k <v:/afc!;k w -r/^k sec-^jw 
-y^;k ^>^;k ^\=^>;k 7i^§) »©wft££*rLTv>T'b«fc 

T-fe*-;Wg (-CB 5 (OB 6 ). (OB?) : B 5 tewJ<mJ^Xteffl& 

... 36 ' 
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•* " * . • 

U l^-*&«S^T> S^&#UT^Tt>«fc^C 1 ~C 6 ^b7jcis (MX. 
tert-7?-)\>, <^>^;K ^\^">;K 7z-J^) X&K), K^lZ$£ffiVT 

) , 

• Ci-CioT^n^g xh^X yn^-x 7h 

> ..... 
tzm— x & o t t> mfc -=> x ^x t> «k v> . 

20 ' £bV>o 
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*^Bj<D^4tiiin?«,- tib^; (3 b) -e^zn&igm-mmmumm^ 

A-Zn-Y 2 (3b) 
10 |WJ#T?>-5 0 ' 

wm&&m^T^T'b<k^c 1 ~c 10 7)v*)im m^z, ^^;i/> x^;w 
) , 

c 2 ~C 20 T.;V^x;i,$ 'CM*.**, x3=x;K :/n.tfx/K y^x;.^) 
20 ' XX^;U^ (-COOB 2 B 2 fctC i~C 6 ^kS7K^S <«Xtf, 

;K x^;k ^Dt!;k -<v:/nitr;k ^-y^K sec-:/3\>K tert-zf 

x;K tert-^h^isftfr-ft-^ttmiibtl*) , 
25 -h'JM (-CN) , 

C^C^T^WM-Jl/ (#J> t!AP^;l/&£) > 

^m^nr^mm (-ob 3 :^f> b 3 «, t;i^;i^ tu-;i/t;v^;i^ x 
-^i^^^^rr^r u jz-r)mm&m?z>7)i*)\<m. x«c 

^-Ce^Jcil (M&fcT', x^k ^atf;K -fy^D^k 
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sec^7.3r)V. tert-^^jV, ^>^)V. \*f*s)\,s 7xIJH) 

s^?^*, ih+'>ifM, hu^f;k>p*'>, ^^^f-y^W 

5 ->a3r->, hUifjk>o*^ /ei-/-^Jl^^7x— ;v->n*S/^55«*vf 

e>*i£) , ■ 

7*.9—)V& (— G B 5 (OB 6 ) (OB 7 ) : B 5 fcfc *«^X«W& 

io Wf, /f;k •x9 : ;k yaif;K 'fy7 p nbk n-^)vysec-^^)V. 

tert-7?-)\>. ^>^)V, s\*z/)Vs 7i-JI/f) T&D, S^K:3B*UT 

) , 

15 n-<<> hu;k 

Ci-Qi 0 7^3*^* (M*fc£, ih^r-X yD^^-X 

20 ' AP^>If (0iJ;U*> JUS*. af*)\ Xtt, 

T%><fcV>. 
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t^Uyi?**^) 7I-JK 3- + 4- 

^>7;7xz;K 2- tfU^T?»*Jli:**ckt)ffSL/V>. 
'5 ±iB5£ (3 b) Y' 2 «> JUt, 3£*, 

^fBEOlMSBfliKl^T, ±155*; (3b) T^^ns»#»3E»ttai<C»- 
Ste> ±flBSC (2> T^SnSfc^l^WCfcfU HEJpy§*EU:T?*t) 

.Z^Mg-Z 2 (4a). 
JbiB5£*> ZMt Jfc*7=tf>ffiffi:?T?fctK Z 2 teu Jtm, 3#St> X 

^AUm\z^Mts:x.X7-jvm^ ->77«, 

*f6W©^4ffi«fc^ViT, ±iS5£ (4 a) T?*$n5Tn'>DAft^ 
±135$ (2) T^^ns^iii^v^b, lt;^M±T 
25 »*U<ttl. 1^1-2^1^^ 101. 5^S1T 

*^BJ©^4SI^T«. tfcMJfcjWBVvSn*. «tt*»Ct3^T©»9itt, 
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.* * 

mz, FeCl,.©^5Ja:«tt<III)^»*U<fflV»6*i*'. ' " 

*&m®m4mmz&^T, mmm<bm\t, ±ibs: (2) x^ztizits 

0. Ol^Mi-O. l^IT*!). Mfc#*b<ttO. 0 3tJ^' 
*»W©«4lll«llC*^**«*fl2'&*©ilJfi*i*Kl*ViT«, y75 >• 

jz&^xmw vtcvt mux 

( TME D A) $ 0 @ Ift 3 £ * L/ T V > T t> <=t V > X ^ 1/ > z? 7 ^ > * ^ 5 H £ # T? 
#3BW©3S4tt8iK*HT» y75>ft^tofH ±1355 (2) T^S 

Ob) -e*$n*5Sf#*ffi»ts:sia:±BBS: (4b) Ts$n§?^y>) 

#»«©£ 4 MUSKET, KJfcfc* Jf$KttOX:~l Q OX)©*^® 

mxfft>n.mz»^i,<it4 ot;~6 ot:©aflE«sBiwt)n*.jEE*tt, 

.*5fiK©*4®«tel*V>T, 8«E£bTtt, ±135* (2) tl^-fb^ 
25 ««»»V*Jlt]8«T?**»jBIE3&«»*l/V>. JM^XteTf*^©*" 

©x— =r;i^lM ; MUx>«©#**Kte**#m>&ft*. 
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I^D7b^77^-H m^^£(254 nm)£^!£itfc 25-jCiHK 230-400 

7h^77^it Hm->U^y;V6.0 (3*», 140-325 jlyj'a.) 

&m^X, Still, W. C. ; Klahn, M. ; Mitra, A../. Org. Chen. \$n, 43, 
2923-2924 KB3fc3nfc«£ 5 fcfro 

AU ^@bX«SJ^ftbTfflVife. «j*fb5k:FP77>(THF)H 

7;^>tl^T, 760 h-;w> , /7x;>7-w 

«TTf#6nfc«l7K FeCl, FeCl,© 0.1M THF »«Ett, 

. $8#§ : JE0L AL-400 (400 MHz) „ JE0L ECX-400 (400 MHz) Xte JE0L ECA-500 
25 (500 MHz) NMR 7>7fcff&m>T, h OH NMR) KtflftftKtt 

ft^tUC'C NMR)£lBfiiLfc. **JR-?©-ftS^^7 H*> 7 i h^P<^v'7> 
^£{&l&«#J(downfield)T© 1 0 0 7J#©1 (ppnu <5 )V) £ 

U NMR8JSECCDC1,: 6 7. 26) 4>0MT"D h >*#RB <h bfc, ftft&fift&fe 
n.i7>^i7 MK"C NMR) tt, 125 Xtt .100 MHz TfB^bfc. ^^©^^'>7 

42 



WO 2005/075384 PCT/JP2005/002529 

h ra, t- h ? v zMmmm-vo i o o tj^co i ( PP nu qm- 

)V)tVXfamV> HMR^flECCDClj: «77.0)4«O|Sk**i»^Jiabfc. 5 s — 

5 9k (^)Wy : Hz) , SiXmfro 

HR-1 (25mx0. 25mm i.d., 0. 25 m J|/A)Xte CYCLOSILB (T> f l/>h%fc 
. (Agilent), 30mx0. 25mm i.d., 0- 25 Aim y^JlA) XteCHIRALDEX G-TA (7 
7* 7~ y & %t (ASTEC) , 20mx0. 25mm i.d., .0. 125 Aim 7^>A)$i^.'fc 
10 Shimadzu- GC-14B TilflJtbfc. h;W4, DuraSample IR (ASI 

7^7^ F$/X^A%fc(ASI Applied System)) React IR 1000 £l£ 

^flf.^y^ATBSftU cm"' T^bfc 0 JC*#WW\ JEOL GC-mate II TSiJ 

15 mmwi 

A^PT-f H© 0.96-M THF ^ (1.25 mL, 1.2 mmol); Tf3^ 1 .IC^tl 
20 Z&mmtiQM (1.2 mmoO&tft/O^Wci'sy^ "(T«3^1^, r 1 j 
T^^n?>) (177mg, 1.0 arnol)*- 78*0 fcJfrSlbfc. FeCl 3 © 0. 1-M THF « 
ft (0. 5mL, 5 mo 1*) £ il ©m«T^JP bfe. # S nfc«£*zK*§f;:)t b, 0 1? 
T30^^bfe„NH 4 Cl ©«&jRl7K»*(0..5mL)*iDATSJtfi:*i»T*«fc. 

25 8B£ 1*, r 2 J , r 3 j , r 4 j -ei$tl5) R^lf7xZi;POJR**^f 
X^OT h^^^W— (l^I^7K2p(/7-x*>> 71mg, 0.5mmol)) Tfftjfebifc. 

i ic^-r. 
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FeCI 3 (5 mol%) 
r ^^ Br PhMgBr(1.2 MhM. ) 



THF 

1 -78 °Cfrt>0 °C (30 ft ) 




Ph 





% mm 



1 Ph-Ph 



1 




5 


79 


0 


4 


6 


2 


Et 3 N (1.2 ) 


3 


78 


0 


11 


5 


3 


A/- .^5Ml^E;U7fc'Jl/ (1.2 ^fi ) 


8 


72 


0 


4 


5 


4 


DABCO(1.2 ) 


20 


2 


0 


75 


3 


5 


tmeda (1.2 mm ) 


71 


19 


3 




10 


6 




23 


48 


1 


11 


9 


7 


nmp (1.2 mm ) 


15 


3 






4 


8 


pph 3 (o.i mm ) 


6 


70 


mm 


6 


7 


g 


dppe (0.05 M§£ ) 


4 


8 


0 


81 


8 



5 rDABCOj <hfct> l,4-v?T1f fcfv^P [2.2.2] 9 , 

TNMPJ fctt, l-^^;i/-2-tfDU> J y >©Wn?*9, Tdppej ttt, 1.2-fcf 

&lfr*>*N,N, N', N'-ir b?* ^)IJL^U>^Y 3 > (TMEDA) ^^Jn^J £ V 
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(5 mol%) 

^^ Br PhMgBr (1.2 mm ) 
TMEDA (1.2 MS*) 



THF 

-78 °Cfrt>0 °C (30 ft) 




Ph 



















2 


3 


4 


1 


Ph-Ph 


10 


FeCI 3 


71 


19 


3 




10 
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SI24>> rFe(acac),J tte. " $fc(III)7-fc3 L ;i'7-fe: hi— hS§#©B&T& 



5 S2j&>&, *««EiUT, FeCl,^fflVi^t#^ TJU^WfcSr*****) 



fHM0<J3 

FeCl 3 £/B^ a&MJibT**, TMEDA *©fl&©tt&«3!8 3 fcBBtt© 

t>©£^/B U7c 0 

£4», <RMC^$&V>PI9, l-mmol JWTf, *0o < D <h 
15 S^^rfTofe. 

+ , flrfc^SfcWStK EJ&fflflEWt, KRM 15-17, 25,28 lk.ZF 31-35 
t^Vit«0'Ct, fc&M 18-24, 26 X1* 29 fc^Ttt 25t:Tffofco 
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n # & jb m e^i'j26> 



WO 2005/075384 



PCT/JP2005/002529 



'H NMR T*Jfe^fc. i^m*Tf2« 3 fc^T. 



*3 



Wfcffi ADy>-!b7^;U ArMgBr Sfflfr % tt* 

15 Ar=Ph 96(90% ) e '' 

17 •' r I Ar=Ph T. 99(X-Br) e 

|g • • 99(X = C»)5 

19 i^ < V' Br Ar=4-MeOC 6 H 4 f x~v r -Ar 99* 

20 f J Ar - 4-MeC 6 H 4 II 98 (96) 8 

21 . Ar = 4-CF 3 C 6 H 4 e? 6 '" 
22' Ar = 2--*-7*;U 96 
23' Ar-l-^WIc 97' 

24 Ar = 2-MeC 6 H„ 99(98) e 

25 , 95(X = I) 

26 I Ar-Ph I 94{X = Br) 

27 ^-^X — Ph 84{X-CI)5* 

28 97 (X = I) 

29 n-C 8 H 17 -X Ar-Ph n-C 6 H 17 -Ph 91 (X - Br) 

30 45 (X = CI)?-* 

"31 Zu^y B Ar - 4-MeOC 6 H„ ^^y^ 91 " 

(I*V:IVhV95:5) 



32M-Bu > ^^7 v -Br Ar = 4-MeQC 6 H 4 '-Bu^J^/^Ar 96 e 



O^*:**- 96:4) 

Br 



33' t-Bu^J^ZZ^ Ar-4-MeOC 6 H 4 t-Bu^/^T^Af 98 

96:4) 

O 0 

34 EtO^' Af - 4 - MeOC ^ BO'S** 

35 CO.. OO Ar 87< 

H3 H3 
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• mmw. ■■' •;...>. • 

' 5 1 £fU=*— JUttK*. ^Dt^nn^U->« FeCl 3 Rtf TMBDA <Z>S£-'# 
" 40^£Ufc. . 

1 0.:5-ujmol Xdr— ;u . 
USifcM 1 5 

is 2 (50-mmol 7>fr— )l<Dm&) 

^n^z/ZU^&y (8.85 g, 50 mmolK FeCl 3 (0. 1-M THF 25 
ml, 5 mol*) ©Mt, PhMgBr (0. 93-M THF ti&ffl.^t 72 mL, 67 mmoDRtf 
15 TMBDA (7.78 g, 67 mmol) ©jg-&4&& 0 *CK:T, KJi&iB'&*&**J!t6»?ftfc 
5 1.36 ml/ft), a»#>^Sgfil/t 
gsiJPLfc. PhMgBr/TMEDAO^jp^TUfc^ Ki6S^**cOfia(TJl 0 

20 ' E7x-^ 0.37 g ^«4R* 90J5). 

7-'Jx^i/MM (FTIR) ' G&H£li*): cm" 1 3062, 3027, 2923 (s), 2854 
(s), 1602, 1492, 1461, 1451, 1073, 1032, 753 (m), 737 (m), 698 (m) ; 

l H NMR (500 MHz, CDC1 3 ) : 5 7.28-7. 24 (m, 2H), 7.19-7.12 (m, 3H), 
2.68-2.63 (m, 1H), 1.93-1.90 (m, 2H), 1.81-1.78 (m, 2H), 1.67-1.51 (m, 
25 8H); 13 C NMR (125 MHz, CDC1 3 ) : <5 150. 0, 128. 2 (20, 126.6 (2C), 125.5, 
47.1, 36.8 (20, 27.9 (20, 27.2 (20; mftffitmmfrffi (HRMS) (EI, 
70 eV) m/z [M] + itWffi. C 13 H 18 , 174.1409; ibfflffi 174. 1418. 

mum 17 • 

z/iru^z/frsO-V y (l-mmol )V<D^) 
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•Ju^ispti^r&Xm. \ mg, t.Ommol), FeCl s (0'. 1-M THF J§?££ 0. 5 
mL> 5 M0lJf)oa < &«jl£» 7i-^n->fA^D?>f K (0. 96-M THF jg 
1.25 mL, 1.2 mmol) Rtf TMEDA (181.1 Ai L, 1.2 mmol) ©jg-&«j&," 
20 #MjWE\ OXKT, £^>^£iill£bT»Lfc. >U=*— 
5 TMEDA ©®-8-^©^Jn^Tbfc^ M^tl^OMTlO^FI 

7D'jy-JP (Florisil : ©Ay K^ffibTitiiU XSTTI 

i&tS-frfc:. raW^h^i'ODI^X 79 mg, 0. 47 mmol) 4: <DitH&<D 

ttttffl 19 

^B'fb'&lfe*. ^W(rh7^DDX^X 79 mg, 0. 47 mmol) £<D& 
15 tfc©"5*.T?^3*l£ 'H NMR ^tfffcTW 99 '>'J*Wn , 7h 
^9 7*-&m>fc««KJ:t>, &^&0# (190 mg, 99 XJR*)©*jB^b 

FTIR («EBtfe): cm" 1 3010 (w),2919 (s), 2850 (m), 1513 (s), 1449 (m), 
1248 (s), 1177 (s), 1032 (s), 8.14 (s) ; 

20 ' 'H NMR (500 MHz, CPC1 3 ) : <5 7.12 (d, / = 8. 5 Hz, 2H), 6. 83 (d, / 
= 8.5 Hz, 2H), 3.78 (s, 3H) , " 2. 50-2. 38 (m, 1H), 1.92-1.79 (m, 4H), 
1.78-1.65 (m, 1H), 1.45-1.30 (m, 4H), 1.28-1.15 (m, 1H) ; l3 C NMR (125 
MHz, CDC1 S ) : 157. 6, 140.3, 127.6 (2C), 113.6 (2C), 55. 2, 43.6, 34.7 (2C) , 
2.6.9 (20, 26.1; WSHSMIK*##f (BI, 70 eV) a/z [M] + tflMt C 13 H 18 0„ 

25 190. 1358; £81* 190. 1381; %Mft%\ ff-JMI C, 3 H 18 0: C, 82.06; H, 9.53. 
£fflMS C, 81.80; H, 9.80. 

t^T©^tfr-^tt, XiSK (Singh et al, Tetrahedron 2001, 57, 
241-247) T?«££'nTV>*t>©£jilV*— 

• umm 20 
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mmit^^:'. M¥(fh7^DpX^X 79 mg, 0.47 mmoDiO 
itm<DZ)X^m^nrc 'H NMR frffilZTWm 98 TOtTc. i/UAWn7 
h^?^— */BV>fc*MSfc£tK (167 mg, 96* iR¥)©*S-fb^" 

' 5 

FTIR (&J01&): cm"' 3020 (w), 2923 (s), 2852 (m), 1515 (m), 1447 (m); • 
809 (s); 

'H NMR (500 MHz, CDC1,) : (5 7.10 (s, 4H), 2:50-2.40 (m, 1H), 2.30 (s, 
3H), ;i: 90-1. 79 (m, 4H), 1.78-1.67 (m, 1H), 1. 45-1. 32. (m, 4H), 1. 29-1 ! 17 
10 Cm, 1H); l3 C NMR (125 MHz, CDC1 3 ): <5 146.0, 136. 0, 129/7 (2C) , 127.4 
(20, 44.4, 34.8 (20, 27.1 (20, 26.3, 21.1; ft&tflgKft&tf (EI, 70 
eV) m/z [M] + BtJFffi C 13 H I8 , 147. 1409; HtftlM 147. 1388; 7C*»#f fUMt 
C 13 H I3 : C, 89.59; H, 10.41. £gfflMtt C, 89.34; H, 10.64. 
T'<T<Dfrffi7 £ —?fe, JCffi (Yoneharea, F. ; Kido, Y. ; Sugimoto, H. ; 
15 Morita, S. ; Yamaguchi, M. /. Org. Chea. 2001, 68, 241-247.) T^Bf^cF 

KM 2 1 

3E»fc#*S* rt»I»(f hS^nax^'X 79 mg, 0.47 hwo1)£0> 
20' »5^T^$tlfc 'H NMR »{(TtTW 70 J5T?#fc. '>'J*WP7 
h^77^-^^fcffiitaO, (153 mg, 67WI5) <D3M4X&m 

FTIR (Mm&): cm"' 2927 (m), 2856, 1619, 1451, 1420, 1324 (s), 1162, 
1.119 (s), 1069 (s), 1017, 830 (s), 656; 
25 'H NMR (500 MHz, CDCI 3 ) : <5 7.53 (d, 7=8. 0 Hz, 2H), 7.31 (d, 7=8.0 
Hz, 2H), 2.61-2.51" (m, 1H), 1.94-1.74 (m, 5H), 1.48-1.34 (m, 4H), 
1.33-1.19 (m, 1H); IS C NMR (125 MHz, CDC1 3 ) : 5 152. 1, 128.2 (q, 7=32.4 
Hz), 127.2 (20,' 124.5 (q, 7 = 270. 8 Hz), 125.2 (q, 7= 3. 8 Hz, 20, 
44.5,. 34.2 (20, 26.7.(20, 26.0; (BI, 70 eV) m/z [M] + 
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C 18 H 1S F 3 ;' 228.1125;- 2-28.1144; 7B*4«f'" ttjitt C I3 H 15 F 3 : C, 

68.41; H, 6. 62. ^isHtt C, 68.49; H, 6.83. 
2 2 

2->^ p^\^->;i/^-7^ ix> 
5 ^P^^^P^N^-y-XieS. 1 mg, 1.0 mmol), FeCl 3 (0.1 M-THF m®. 0. 5 
mL, 5 molSO&tf TMEDA <181.1tfL, 1.2 mmol) <DM&%}\Z, 2-^-y^)V^if 
^^A^DV'f K (0.82 M-THF mW. 1.46 mL, 1.2 mmol) $^t}?>7 p ^ 
m&VX, 25 "C^ 20^^*HtTmiJPb^o ^U^^-;H*|^<D®-&%<Z)^ 

10 ^'i7A7K{CJ;'5-3i^©5Q ! SSrL'T, K /ft 7 D U (Florisi 1 : 

^MMID <Drtv F£5ILTilIiaU «^TTM$-&fco ftummirh? 
^DDJ^X 79 mg> 0.47 mmol) %±J&m<D 'H NMR Srfr&o 

fctJIS, 2->'^a^\^~>;V^-7^^>^96*WT! ! #e>tlfe. 
ttRM 2 3 
15 1-; >t?W\3ri')l/'}-7&U> 

W»(rF7^DDl^X 79 mg, 0.47 mmol) &m^fc 'H NMR 

l H NMR (500 MHz, CDC1 3 ) : 6 8. 11 (br d, / = 8. 3 Hz, 1H), 7.84-7.81 
"(m, 1H), 7.67 (br d, ./= 8. 3 Hz,-. 1H), 7. 50-7.36 (m, '4H), 3.35-3.27 (m, 
20 1H), 2.06-1.98 (m, 2H), 1.95-1.86 (m, 2H) , 1.86-1. 80 (m, 1H), 1.58-1.50 
(m, 4H), 1. 38-1. 27 (m, 1H) ; "C NMR (125 MHz, CDC1 3 ): <5 143.7, 133-9, 
131.3, 128.9, 126.2, 125.6, 125.5, 125.2, 123.2, 122.2, 39.2, 34.15 
(20, 27.2 (20, 26.5; i«#£¥llgjt»##r (EI, 70 eV) m/z [M]* WrWtiM. C, 6 H 18 , 
210. 1409; 210. 1433. 

25 umm 2 4 

\-z/t> P^.^~>;i/-2-^^;i/^>if> 

mM4b&M%:, I^lg|5^5p(5 = -h7^apx^>, 79 mg, 0. 47 mmol) <h<2 
Vrf&CDoXXTKlintc. 'H NMR^#f^XJ|X^ 98«T#fca ^VJlffrZW? h 
ifyy << -Zm^TcffiMlzZQ > $ifeift(171 mg, 98XiR^) (Di^MIt 
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FTIR mmm): cm-'"3064 f 3022, 2925 (s), 2852 (m), 1492, .1448 (m), 
741 (s), 723 (s); 

'H NMR (500 MHz, CDC1 3 ) : 6 7.22-7.05 On, 4H), 2. 75-2.63 (m, 1H), 2.33 
'5 (s, 3H), 1.91-1.73 (m, 5H), 1.47-1.34 (m, 4H), 1.33-1.23 (m, 1H) ; 13 C 
NMR (125 MHz, CDC1 3 ) : 6 145. 9, 135.1, 130.1, 126.1, 125.4, 125.3, 40.0," 
33.6 (20, 27.1 (20, 26.3, 19.3; iti^0^K»^ff (EI, 70 eV) a/z [M] + 
&U?tt C 13 H 18 , 147.1409; §Hi&iJ<K 147.1427. 7cm##T WrM-iA C 13 H l8 : C, 
89.59;"H, 10.41. 89. 56; H, 10. 69. 

nmm 3 1 

i-(x*v --2- ;)i>#)],~ ;p)-4-^ h4~>^>^f > 

^.m^m*. ftMWrr h^nt3X*>, -79 mg, 0.47 mmol)£tf> 
15 (CHIRALDBX G-TA, 7 7s"r v 2 20mx0. 25mm, 0. 125wm 74 )VJ*> 140*0 

xm^vtc^mo^rx^u^-umt, 95:5 -v&^rc (^^<dx. 
*v &&fc&tfx> f m&mzmm?&¥~? tfuftmm ii.sfrms 30.4 

(DfrVr^—ffo, XAfcCWn, X.-Y. ; Xu, H.-D. ; Tang, F.-Y. ; Zhou, 
20 ' Q.-L. Tetrahedron Asymmetry 2001, 12, 2565-2567) T^^tlTV* -5 %<D 

umw 3 2 

l-(4-tert-7^)V*/9 W\*ris)V)-i-* h*~>^>if > 
. *«flS-&<ftSaftH*i:UT#fc(118.6mg, -geXJJllBJK*). **£5U- 
25 GC (CHIRALDEX G-TA, 7Xfi/^tS, 20mx0. 25mm, 0- 125wm 7-f )V 

A> 150*C)T?, h^>X#t^#©jt^«96:4-e^-Dfc(^Htra; 
^tl, 67.4#K.tf56.2 

FTIR (jRBISj) :" cm" 1 2925 (s)., 2854 (s) , 1611, 1582, 1513 (s), I486, 
1-465,. 1451, 1393, 1366, 1248 (s),.il81 (m), 1038 (s), 1034 (s), 824 
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(m), 801 On).-"" 

'H NMR (400 MHz, CDC1 3 ) : 6 7.12 (d, 7=8. 8 Hz, 2H), 6.83 (d, 7=8.8 
Hz, 2H), 3.78 (s, 3H), 2.42-2.35 (m, 1H), 1.93-1.86 (m, 4H), 1.43-1.35 
(m, 2H), 1.18-1.03 (m, 3H), 0.83 (s, 9H) ; l3 C NMR (100 MHz, CDC1 3 ): 
5 (5 157.7, 140.1, 127. 7 (2C), 113.7 (20, 55.2, 47.7, 35.02, 34.4 (2C), 
32.6, 27.7 (20, 27.6 (30; ift#fl?flBg*$ttfr (EI, 70 eV) a/z (XT Wr& ' 
ffiC 17 H, 6 Q, 2 46.19 84; MfflB 246. 1985. 

ttVtm 3 4 

JL=}-)1 6-(4-* h + y7xZJW^t;x- h . 
10 "fglS.<fb^-«*V WgJP(f>7^DOI^X 99 mg, 0.57 mmol)£©tt; 
gE©5^§tlfc 'H NMR 5>*f CTIR* 91 J/'J*W07h 
^■:7*-&JBV>fctt«fc«fc0, ^^#(220 mg, 88 XJR*> ©Mfc'&'tB 

tt&mv>ft1ft"T— &\Z, I«(lee, J.-Y. ; Fu, G. C 7. Am. Chea. Soc. 
15 2003, 125, 5616-5617)T?B'&£nT^3 ! b©£&Vi— it^Lfc. 
ttttffll 3 5 

yV-[3-(4-^ h^r->7x^;i/) :/q \LM4 > H*-^ 

%mit&W&* rt»UP'(fh^DOX^>, 99 mg, 0.57 mmol)<i©f£ 
«©3*.T?^3nfc 'H NMRSHJffcTJR* 93XT?#fc.- ^JA^^.DTh^ 

20 77^-*^Vifc«8IK:J;b,d6«i(231ing, 87*JR^) ©^fb^^t/to 
'H NMR (500 MHz, CDC1 S ) : 6 7. 63 (d, 7 = 8. 0 Hz, 1H), 7.28 (d, 7=8.0 
Hz, 1H), 7.19 (t, 7= 8.0 Hz, 1H), 7.12-7.06 (m, 4H), 6.83 (d, 7=8.5 
Hz, 1H), 6.49 (d, 7= 3.5 Hz, 1H), 4.10 (t, 7 = 7.0 Hz, 2H), 3.79 (s, 
3H), 2. 57(t, 7=7. 5 Hz, 2H), 2. 15 (distorted tt, 7=7.5, 7.0 Hz, 2H) ; 

25 ,3 C NMR (125 MHz, CDC1 S ) : 6 157.9, 135.9, 132. 9, 129.3, 128.5, 127.8, 
127.7, 121.3, 120.9, 119.1, 114.1, 113.8, 109.3, 100.96, 55. 2, 45.5, 
32.0, 31.6; K#fl?tBSI S##f 081, 70 eV) a/z [M] + frlTte C 18 H l9 N,0, 
265. 1467; MM^M. 265. 1478. 
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(CYCLOSILB, Tv?W>h : 5±M, 30mx0. 25mm i. d. , 0. 25;txm 7 -i ' ' 

80^1? 120 ^> RW-^>aogcD#a38flEr4 ix:/»)ic«kntf, it&mo 
i29.i Totf-^«> ^#sn#i;fnfnif§i, so.: so <pttm-cmm 

10 • 

h^;t> 760 b^-)v~?^>V7 x.; >5-3 L )ifr§mmv, w.-*>izm^tzo m 

fee FeCl 3 te, MW*6iAl, ifrfc^*=;WTJK7|cU METT^t 
T;P^>»BB*T , r#&nfc^7kFeCl l *««bfc. FeCl 3 ©0. 1M 
thf mm** SITW B M^ftf 1 5 c t K«k t) # >J x-^;i/ft;^ft 
Ysfc«>, MMML-Z.K.Vimir'tt* ZnCl, ttr;H«U y'f yC. 
20 ' 99.99%) ^6iAU, »JEETTiDfftl,Ttt«&U ititCffiVife. ' 

ZnCl 2 • TMBDA : Isobe, ft ; Kondo, 3. ; Nagasawa, N. ; Goto, T. Chea. Lett. 1977, 679-682 
Za-t?UU-nV7s&>: Shoppee, C W. /. Chem. Soc. 1946, 1138 
l-( h U ^^W>U JW-5-3- hM>M-f > : Kbft, E. R. ; Smith III, A. B. /. 
25 Org. Chea. 1984, 49, 832-836 

X^e-B-F^WX-h : Leonard, N. J. ; Goode, W. B. /. Aa. Chea. Soc. 1954, 
72, 5404-5407 

4-3— K^n- KU;W: Newman,. M. S. ; Closson; R. D. /. Am. - Chea. Soc. 1944, 
1553-1555 

.53 



WO 2005/075384 PCT/JP2005/002529 

*?-)Vl, 3, 4- h V-O-TttW-T^y-S-B- H-/3-D-^;i/n'bf^y h ; : Classon, 
B. ; Liu, Z. /. Org. Chein. 1988, 53, 6126-6130 

2-3- Hx^^— )V 1, \-^^)V-2-y'n^i)V T-t&—)V : Fujioka, T. ; 

Nakamura, T. ; Yorimistu, H. ; Oshima, K. Org. Lett. 2002,- 4, 2257-2259 

TMEDA (T^DT. (Across)) > ^U^zy^U^^XT^nX), 3— H^P^it^ 

amttifciM aco ), ^d^e^d^u-xto^), ^dd^d^ij-> <mm 

h CTJVV U y 3=) , 3- Ft 5 * > ($mtifcrm , . (^.^l^^l/jtfx 
10 ^-tTHUv'XT^HU^^). 

4->y / 7i-;v»a^ f(o.5mcothf *m h U y^) > 3- (x h^S/#;w* 

x;W 7j^M3^ h* (0. 5 M THF T)l H U 3*9=) , 2-HU W&^DV-r 
HC0.5MTHFW, TJ1/HU;^), h'JifJ^yjWfjW^A^Q^-f H(1.0 
15 M Et 2 0M. 

m& : JE0L ECA-500 (500 MHz) NMR ftytWf&m^X, ?V h >®M% 

h\Z^b?*7)Vi'7>fr%i&&mffl(AQmtlel&)'V<Dl 0 0^©1 (ppm, 
6^er-;W)tUT8B«b» NMR JgjBKCDCl,: 5 7. 26) t'oaS^n.-h 
20 ' life. h;K l, C NMR)tt» 125 Xtt 100 MHz TE* 

bfc„ «*©fl5*->7hit f^^fJl'V'y^^fiWeO 1 0 075 
1 (ppm, 0X^-;W£UT*B»U NIK »tt(CDCl,: «77.0)*©lfc# 

— fiig§i, d=Xfi^, t==fi«U q=E9fii^> n=*a»R?//Xtt*a*«!&, br= 
25 3t7y^U>^3t«[ : Hz) , Rt^«f». 

b^T?^-(GC)7>#rteu FID#aJS§2fctf**fc!9U— 
HR-1 (25mx0.25mm i.d., 0. 25«m 7 4 ;i/A) ZMXTc Shimadzu GC-14B XM 
JtLfc. ftH>m£l9 bMZ, DuraSample IR(ASI 777<f ^>7fAft 
(ASI APPlied System)) £ II >tfc React. iR 1000 kjfc^tf S^TSkTflBftU 
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cm-'T^Ufco-'KSft-'flftev JE.OL. GC-mate' II TWj&bfc:.' " 



;i/©?i^(3.6 g, 20mmol) (SM^TTr, 1,4-^ 



^•^^>U*y;^P-Th^7^-(^W>/TOX^;i^ 20/l)T3ji$gU 
. ^v-^D^v-^ tf/tPX— h (b^>^A>X= 33/67, 0-63 g, 12%) B£Xh^>X-4- 

^p^:^d^>;i/ tr;tqx-h (0.79 & m)&mmm>m£i>Tmz> a 

3-^D^>^D^>-;!/ fc^A'DX— h: FTIR (neat): cm- 1 2956 On), 2867 On), 1725 
15 (s), 1480 (w), 1451 (w), 1397 (w), 1366 (w), 1281 On), 1214 (w), 1152 (s), 1102 
(w), 1032 On), 1011 (w), 951 (w), 888 (w), 772 (w), 702 (w) ; 
l H NMR (500 MHz, CDCI3) h7>7Mttf: 5 5-11-5.06 On, 1H), 4.41-3.32 On, 1H), 
2.32-2.22 On, 1H), 2.22-2.13 On, 1H), 2.12-2.04 On, 1H), 1.90-1.62 On, 3H) ,. 1. 40-1.25 
On, 2H), 1.20 (s, 9K), ^XSt£ffc: (54.68-4.60 On, 1H), 4.00-3.92 On, 1H)^ 2.61-2.54 
20 On, 1H), 2.30-2.22 On, 1H), 2.00-1.94 On, IS), 1.90-1.62 On, 3H), 1.40-1.25 On, 
2H), 1.18 (s, 9H); 

"C NMR (125 MHz, CDCI3) h^>X^W: (5177.5, 70.1, 48.5, 41.0, 38.8, 36.5, 29.3, 
27.1 (30 , 21.3,^7.M»: 5177.7, 70.8, 46.5, 42.9, 38.6, 36.9, 30.2, 27.0 (30, 
23.4; TSJlfrflf §f«C 11 H 19 Br0j: C, 50.20; H, 7.28. gSUiiS: C, 50.00; H, 7.28 
25 h^>X-4-^D ; E>'^D^>';i/ kfADX— h: FTIR (neat): cm" 1 2958 On), 2871 
On), 1723 (s), 1480 (w), 1445 (w), 1397 (w), 1368 (w), 1281 On), 1245 On), 1152 
(s), 1098 (w), 1032 On), 990 (w), 934 (w), 888 (w), 864 (w), 772 (w), 722 (w), 697 
(w), 645 (w); 'HNMR (500 MHz, CDClj) : 54. 90^4. 83 On, 1H), 4.31-4.24 On, 1H), 2.15-2.00 
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10 D-f;K3. 7 mL, 30 mmol) flioTfflSU ifit 4 ^»Ufc M0ETT!^£i*m 
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On, 4H), 1. 97-1; 87 Go, 2fl), 1. 73 r 1. 65 (n; 2©.' 1.22 (s, 9H) ; l3 C NMR (125 MHz, CDClg) : 
(5177.8, 68,7, 51. 1, 38. 8^ 32. 9 (20 , 28.9 (2C), 27.1 (3C). 7&%mt tf^tffi C n H 19 Br0 2 : 
C, 50.20; H, 7.28. WMM: C, 49.96; H, 7.32. 

5 mwm 5 

%.-?s mzmZt£^m.V. FeCl s (5 mol%)(D TKFmWi&. r/P^ES^P^ 

y^>d.o mmoi), mmwmuma.s mm) r^tmbda (1.5 .mm)<oM& 

^4 
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10 



mwiMsum (1.5 a*) 

Br FeCI 3 (5 mol%) ^.Ph 
^/ Br TMEDA(1.5M) + 

50°C H 0.5h , 









2 


4JW%)b 
3 4 


1 


5-1 c 


PhMgBr 


96 


3 




0 


5-2 


2nCI 2 + 2PhMgBr 


96 


3 




0 


5-3 


ZnCI 2 + PhMgBr 


0 


ttft 


$s 


>95 


5-4 


PhZnBr (Mg free) 


0 






>95 


5-5 d 


ZnCl2 + PhLi 


0 






>95 


5-6^ 


2nCl2 + 2PhLi 


0 


lias 




>95 


5-7 e 


Znd2 + PhMgBr+ Me3SCH 2 MgCI 


95 


4 




0 


5-8^ 


ZnCI 2 + PhLi+ Me3SCH 2 MgCI 


92 


7 


0 


0 



FeCl3 (5 mol%)t:?n^v*D^*^>^«^ THF ^ ,:l 
0 0 Clc-C^o<y<t*n^-5>-<i:lcJ:y : rTofco 

^ * d : THF/BU20 (2/1)0) 

^cbe: THF/Et20/Bu2O (2/2/l)(DJtJiI 

m*Pf: THF/^>5>>/Bu20(2/2/l)<D»lflt 

t«fc0!I6 - 1HHBWI6 - 1 1 

fflk\;1tmj®mg>\Z. ZnCl 2 • TMEDA (1.5 mmol)<J:> ^m&V^VUm ArMgBr 
(0. 8-1. 0 M <D THF @& 3-0 mmol) ©ii^I^ 0. 5-1 RMflBtU "Fl»5*r«**l»*r 

rOFOWXJ ( 1 - 0lBnol >' ^ &Vn?FeCI,(0.1M©THFi8ifc 0.5mL, 0.05 

nrnoOfcO-CKTSD^fc. ^^^^50 < CT0.5S#W^Lfe. NH,C1 M07K«*CTO 
*#!7$-&. S^«l&7oU^-;U (Florisil : g#f©ig) ©Ay KfcilUOgjiU * 

57 
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umm 6-1 

' 5 )\U>?y\Ym : 3— F~>^ DAWXl. 0 mmol) 
«1W : J^x^«»(l. 5 mmol) 
®£H#F^: Q. 5 • 
.«J»fcWg? (157 mg, 98*). 

... 

10 /Vny>W: t/P'^E^o^+f-Xl.O mmol) . 

%jmm-. 0.5 ^ 

Mfefetf#tlft(155 mg, 97*)o 

15 AP^Mb^ : ^PP^P^v^Xl.O mmol) 
ll« : ^7x^H*(l. 5 mmol) 

Etimm-. 3 mm 
mmmmiui mg, 88*). 

^^t'a%<D^Wry x - Pit, Nakamura,-.M. ; Matsuo, K. ; I to, S."; Nakamura, E. /. An. 
20 ' Chew. Soc. 2004, 126, 3686-3687 K^^ftTl^. 

)\U>fy\\3to : 3a-^DDPl/X^>(1.0 mmol) 

: 5?7x=yHg»(l. 5 mmol) 
S/S^f^: 12 TO 
25 ^fe@^(Q!/)3= 14/86, 399 mg, 89*) ; 

FTIR (neat): cm' 1 3025 (w),2925 (s), 2867 On), 1466 On), 1447 (m), 1382 (w), 758 
(w), 681 (s); 'HNMR (500 MHz, CDClj): 57.3.9-7.13 On, 5H), 3.11-3.05 On, 0.14H), 
2.59-2.49 On, 0.86H), 2. 09-0.64 (m,. 46H) ; l3 C NMR (125 MHz, CDCI3) j3-^t*f*: 
#): 5.147.7, 128.2 (2C),. 126.8 (20, 125.6, 56.6, 56.3; 54.6, 47.0, 44.9, 42.6, 

. 5.8 
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40. 1, 39. 5, 3.8. 9,'' 36. 6, 36. 2, 35, 9, !35. 7,- 35. 6; 32. 2, 29. 9^ 28. 9, 28. 3, 28. 0, 24. 2, 
23.9, 22.9, 22.6, 21.0, 18.7, 12.5, 12. 1 ; tg^#T ff#fl CsHj,: C, 88.32,-H, 11.68. 
^!Ki: C, 88.12; H, 11.73 

5 )\u*fy\\M : S-^-bM-ChU^^l^U^-^^-WXl.O mmol) 
t«M : $>!7xry«»<l. 5 mmol) 

j&mm: 0. 5 mm ■ 
mmmm(2oi mg, 93*) ; 

FTIR (neat): cm" 1 2958 (w), 2902 (w), 2175 (w), 1478 (w), 1451 (s), 1395 (w), 1366 
10 (s), 1268 - (w), 1167 (w), 997 (s) ; 'H NMR (500. MHz, CDClj) : 5 7.31-7.25 (m, 3H), 
7.21-7.17 On, 2H), 2.72 (t, /= 7.6 Hz, 2H),' 2.24 (t, / = 7. 1 Hz, 2H>, 1.84 (tt, 
7=7.6, 7.1 Hz, 2H), 0!l6 (s, 9H) ; I3 C NMR (125 MHz, CDCI3): (5141.3, 128.2 (20, 
. 128.0 (20, 125.5, 106.8, 87.4, 34.5, 30.0, 19.1, 0.0 (30; HRMS (EI, 70 eV) a/z 

m* mm c^i, 216.1334; mm, 216.1305. ym^f nmm. gyi: c 77.71; 

15 H, 9.32. mm: C 77.53; H, 9.13. 

mm 6-6 6-7 (X^;l/ 5-7i-J1aWi- h) 

1^^6-6 

/\ny>« : X5=-;W (1.0 mmol) 

jmmmm : ^x-^»a. 5 mmoi) 

20 ' STOfHJ: 0. 5 PSflSJ 

^ft^^S(218mg, 9980 
i^M6-7 

)\u>f>\\m : X^;l/ S-^PtAWx-hd.O mmol) 
^Wffil^ : 5^7x^»(l. 5 mmol) . 
25 mmWi: 0.5 

mmmm (200 mg, 91*) 

^{bS^^tfTT*-;^ Zhou, J. ; Fu, G. C. /. M Chem. Soc. 2004, 126, 1340-1341 

mm§- 8 (5-(4-*^;K7xx;i/) ^y^-)V7^r- Y) 

59 
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mwmrnm s><4r*w*7x=jwisi&<i. 5 mono ■ 

&@ftlKtfeK (183 mg, 83*) ; 

5 FTIR (neat): cm' 1 3020 (w),2933 On), 2866 (w), 1739 (s), 1517 (w), 1463 (w), 1366 
On). 1236 (s), 1044 On), 805 On); 'HNMR (500 MHz, CDCI3): 67.12-7.03 On, 4H), 4.04' 
(t, 7=6.1 Hz, 2H), 2.57 (t, 7=7.8 Hz, 2H), 2.31 (s, 3H), 2.03 (s, 3H), 1.68-1.58 
On, 4H), 1.43-1.34 On, 2H); 13 C NMR (125 MHz, CDCI3) : (5171.2, 139.3, 135. 1, 128.9 
(20,: 128.2 (20, 64.5, 35. 3, 31.1, 28.4, 25.5, 21.0 20,9; T^^W ffflEQE C,Ao0 2 : 

10 C, 76. 33; H, 9.15. ^HHtt: C, 76.33; H, 9.19.. 

ftflRPS 6-9 (4-(2-^^;P7xn;W v-* □a*^ hf/N'DX- h) 
AnyMbBf" : 1 T»&*ufc h 7>X-4-7a^is? P^>;i/K;lnx- h (1. 0 
mmol) 

tiMHi : ^(2-^;i/7xryWlfi»(l. 5 mmol) 
15 KfSSM: 0.5B#f^ 

m&mmm<2^ w, 98%, h^>x/->x = 55/45); 

FTIR (neat): cm H 3022 (w) , 2937 On), 2863 (w), 1723 (s), 1480 (w), 1461 (w), 1283 
On), 1162 (s), 1034 On), 1015 On), 751 On), 726 (w); 'HNMR (500 MHz, CDCI3) 1-7 
>X^&#: 67.21-7.07 On, 4H), 4.80-4.73 On, lH), 2.76-2.70 On, 1H); 2.33 (s, 

20 3H), 2.12-2.07 (m, 2H), 1.91-1.85 On, 2H), 1.63-1.41 On, 4H), 1.20 (s! 9H), v'X 
&f$f£: 67.24-7.08 On, 4H), 5.11-5.08 On, 110, 2.82-2.74 (m, 1H), 2.35 (s, 3H), 
2.05-1.98 On, 2H), 1.84-1.74 On, 2H), 1.71-1.62 On, 4H), 1.26 (s, 9H) ; NMR (125 
MHz, CDCI3) 6178.1, 144.1, 135.2, 130.3, 126.2, 125.8, 125.1, 72.5, 

38.9, 38.6, 32.1 (20 , 31.3 (20 , 27.1 (30, 19.3, 6177.8, 145.0, 135.1, 

25 120.3, 126.2, 125.7, 125.2, 68.4, 39.1, 39.0, 30.5 (20, 27.6 (20, 27.3 (30, 19.4; 
7G^>#f ffifftt CM: C, 78.79; H, 9.55. WM: C, 78.64; H, 9.54. 

mmiQ-io (3-(4-^h^>^-;W7 p .Ptr^--hu;w 

/\u¥>im : 3-3-F:/a£*-hy;Kl.O mmol) ■ 
Mfll^ : 5?(4-* h^7x^W»(l- 5 mmol) 

... .60 ' 



WO 2005/075384 PCT/JP2005/002529 

Issj&B^ISJ: 0. 5P#W» ••• 

mmmmasi mm-, 

FTIR (neat): cm" 1 3004 (w),2937 (w), 2836 (w), 2240 On), 1611 (w), 1509 (s), 1459 
(w), 1301 (w), 1245 (s), 1177 On), 1109 (w), 832 On), 809 On), 700 (w) ; 'H NMR (500 
' 5 MHz, CDClj): 57.09 (d, /= 8.5 Hz, 2H>, 6.84 (d, 7 = 8.5 Hz, 2fl), 3.77 (s, 3H), 
2.70 (t, 7=7.5 Hz, 2H), 2: 28 (t, 7= 6.8 Hz, 2H), 1.92 (tt, 7=7.5, 6.8 Hz, 2H); 
13 CNMR (125 MHz, CDCig) : (5158.0, 131.5, 129.2 (2C), 119.5, 113.8 (2C), 55.1, 33.2, 
26.9, 16.1; jmfrtiT mm QAsNO: C, 75.40; H, 7.48; N, 7.99. HMS: C, 75.29; 
H, 7. 67; N, 7.72 

10 -11 2, 3, 4- h U-^T-fe5=-;l^6-x^->-6-[3, 4-(^U>z^t^r 

is) 7x-;H - i3-D-^;i/n tf r>y H) 

/ND^rMb^: 2, 3,4-hU-<^Ti^M-7 i ^^6-3--H-3-I)-^^tf^^ 

->F(1.0 mmol) 

: ^[3, 4- (^l^i**-^) 7x^W«B(2. 0 mmol) (ZnCl 2 • TMEDA (2. 0 
15 mmol) i ArMgBr (0. 8-1.0 M CD THF 4.0 mmol) ^^MVfc) 

FTIR (neat): cm"' 1746 (s), 1492 On), 1443 On), 1366 On), 1216 (s), 1030 (s), 928 
On), 809 (w); 'H NMR (500 MHz, CDCI3) : . 66.75-6.71 On, 2H), 6^ 66-6. 62 On,.lH), 5.93 
20 (s, 2H), 5.44 (t, 7 = 9. 5 Hz, 1H), 4.94-4.85 On, 3H), 3.91 (dt, 7= 9.5, 2.9 Hz, 
1H), 3.11 (s, 3H), 2.78-2.72 On, 1H), 2.66-2. 60 On, 1H), 2.06 (s, 3H), 2.04 (s, 
3H), 2.00 (s, 3H); "C NMR (125 MHz, CPCI3) : 6170.1 (2C), 169.8, 147.4, 146.1, 130.1, 
122.2, 110.0, 108.0, 101.2, 100.8, 96.2, 72.3, 71.0, 70.3, 69.4, 54.9, 37.1, 20.7 
(20, 20.6; TxMm mm CAfiu'. C, 56.60; H, 9.70. WM: C, 56.54; H, 5.97. 

25 
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(FG)RalkyrX 



Ar2?aTMEDA(1.5eq) 

FeCI 3 (5 mol%) 
v~ 

THF, 50 °C, 0.5 h 



(FG)Raj kv c- Ar 



(FG)R 3 , ky rX 



6-1 
6-2 
6-3 

6-4 • 

6-5 

6-6 
6-7 

6-8 

6-9 
6-10 

6-11 



8H17 




Ph 2 Zn 

Ph 2 2n 

Ph 2 2n 
Ph 2 2n . 



PivO^^ 
OAc 



Me 



MeO 



Zn 



•Zn 




98(X = D 
97 (X = Br) 

88(X«Cl) 



89* 



93 

99(X = I) 
91 PC- Br) 

83 



98- 



86 



90 



]7-l~f^M7-6 
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ftMVrzMJ&g&fc ■ &Wm%m&iim ArZnX a = Br, I) (0. 5 M THF m& 4. 0 niL, 
2.0mmoi)Rp^^->^A^^Me 3 Si(3I ! ^l (1. 1 M Et,0,» 1.8 mL, 2.0 mmol) <£>@ 
OW 0.5-1 B^l^bTb, ^ttfyMC, TMEDA (0.30 ml, 2.0 mmol), &B 
)\U?y\mi (*6^ TCFO^-Xj T^f) (1.0 mmol), 2S&£ #tf,y?, FeCl s (0.1 M 
' 5 THF 0. 5 mL, 0. 05 mmol) £ 0 "CT^/i. mM^i^ 30 *CT 6 BfWWbTb, 

mam^ci 7mm?%jfc&&TZ^ m&m*yuvv—)\> auonsii :^«o <z>/r 

■ Ufc. 

IifcM7 - 1 (XW 3-[5-( b U ^^v-UJW^^-^^J^^/X- b) 
10 /\Utf>im : 5-3- H-l-( h U ^^;i/v"j;i/)-^>^W XI. 0 mmol) 
^rWM^ : 3-(X h^risMV^V) 7x^JW3^-f H (2. 0 mmol) 
BO-S^fUS: 6 B#f^ 
m^TOK (262 mg, 91*) 
FTIR (neat): cm" 1 2955 (w), 2904 (w), 2175 On), 1717 (s), 1447 (w), 1365 (w), 1275 
15 (s), 1195 (w), 1105 (m), 1025 (w), 841 (s), 750 (m), 712 (m) ; 'HNMR (500 MHz, CDCls): 
(57.91-7.86 (m, 2H), 7.41-7.33 On, 2H), 4. 38 (q, 7=7.1 Hz, 2H), 2.78 (t, 7=7.5 
Hz, 2H), 2.24 (t, 7= 7.1 Hz, 2H), 1.86 (tt, 7= 7.5, 7.1 Hz, 2H), 1.40 (t, 7 = 
6.9 Hz, 3H), 0.18 (s, 9H) ; 13 C NMR (125 MHz, CDClj) : <5166.7, 141,8, 133.0, 132.7, 
130.5, 129.5, 127.1, 106,7, 85.2, 60.-.9, 34.4, 30.0, 19.2, 14.3, 0.1 (3G) ; TC^ft 
20 ' ffi ftfftt C^OjSi: C, 70.78; H, 8. 39! MM: C, 70.64; ft 8.52 
m&}7-2 3-(3->T/yPfcf;U)^>^/X-H 
AD^Mt* : 4-3-r i :/3 1 DXHJ;Ml.O mmol) 

^mmsm 3-(x h*ist»w~)V) 7x-;» a-^-r fg. o mmoi) 
mmm-. 6 w 
25 mmmm (m mg, 72*) 

FTIR (neat): cm' 1 2981' (w), 2937 (w), 2871 (w), 1713 (s), 1445 (w), 1368 (w), 1277 
(s), 1196 (s), 1106 (s), 1084 On), 1023 (m),. 861 (w), 751 (s), 695 On) ; 'H NMR (500 
MHz, CDCp: (57.92-7.84 On, 2H), 7,38-7.35 On, 2H); 4.36 (q, 7= 7.1 Hz, 2H), 2.81 
(t, 7 =7. 5 Hz, 2H), 2.32 (t, 7 = 6. 9 Hz, .2H), 1. 99 (tt, 7=7.5, 6. 9 Hz, 2H), 1.38 
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(t, / = 7. 2 Hz, ' 3H) ; • ,3 C NMR' (125 MHz, CDClj) : 6166.4, 139. 9, 132. 8, 130.8, 129.2, 
128.6, 127.7, 119.2, 60.9,' 34.1, 26.7, 16.3, 14.1;5E*0*f fffftflt C 13 H 15 HO,: C, 71.78; 
H, 6.96, N, 6.45. 

tt*^7-3 (X^JU 3-(3-tfA , D^i/v'^D-\^r>'Jl/)^>^X-h) 

5 APd*Mtt» : ###J 1"C#6^ 3-^D^>^D^i/;i/ fcfAnx-Mh^^Vv' 
X = 33/67, 1.0 mmol) 

mrfm&i&M : 3-(X h^WtJW 7iXJW H (2. 0 mmol) 

Bornm: 24 mm 

m&mmm (260 mg, m, h 5 = 47/53) 

10 FTIR (neat) : cm" 1 2977 (w), 2937 (w), 2867 (w), 1721 (s), 1283 <m> , 1162 (m), 1109 
On), 1028 (w), 754 (w), 654 (w) ; 'HNMR (500 MHz, CDClj) h^X^^: (57.92-7.86 
(m, 2H), 7.42-7.33 On, 2H), 5.21-5.16 On, 1H), 4 ; 38 (q, 7=7.1 Hz, 2H), 3.01-2.92 
On, 1H), 2.08-2.02 On, 1H), 1.98-1.90 On, 2H), 1.77-1.67 On, 3H>, 1.58-1.47 On, 
2H), 1.40 (t, 7=7.2Hz, 3H), 1.26 (s, 9H), 5/^iM4»: 67.92-7.87 On, 2H), 7.43-7.34 

15 On, 2H), 4.87-4.79 On, 1H), 4.38 (q, 7=7. 2 Hz, 2H), 2.77-2.68 On, 1H), 2.19-2.13 
On, 1H), 2.08-2.01 On, 1H), 1.97-1.90 On, 1H), 1.90-1.83 On, 1H), 1.58-1.33 On, 
4H), 1.40 (t, 7 =7. 2 Hz, 3H), 1.18 (s, 9H) ; l3 C NMR (125 MHz, CDClj) h^>X» 
6177.7, 166.8, 146.8, 131.4, 130.6, 128.4, 127.9, 127.3, 69.3, 60.9, 39.0, 
38.4, 37.2, 33.4, 29.3, .27.2 (30, 21.1, 14.3, v'T^ltffc: 6177.9, 166:7, 146. J, 

20 131.4, 130.6, 128.4, 127.8, 127.4, 72.5, 60.9, 42.4, 39.1, 38.6, 32.9, 31.2, 27.1 
(30 , 24.1, 14.3; TcMtfft mm (y^: C, 72.26; H, 8.49. 

|^!l7-4 (4->^D^\^>;i^>\/-hu;W 
: S-^D^E^P^iJ-Xl.O mmol) 
1%mm£Mm. : 4->7/ 7iZJM h* (2: 0 mmol) 

25 mmm-. 6 B#m 

Mfe?ft«W (167 mg, 90S) 

FTIR (neat): cm' 1 2925 (s), 2852 On), 2227 .On), 1607 On), 1505 On), 1449 On), 1415 
(w), 1177 (w), 1000 (w), 823 (s) ; .'HNMR (500 MHz,- CDClj) : 67.56 (d, 7= 8.6 Hz, 
2H), 7, 30 (d, 7= 8.6 Hz,. 2H), 2. 12-2. 00. On, 1H), 1. 92-1.80 On, 4H), 1.80-1.69 On, 
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1H), 1.47-1. .33 'On, 4H),' 1. 33-1. .20 ! On, 1H); 1S C NMR (125 MHz, CDClg) : 5153.4, 132.1 
(20, i27.6 (20, 119.1," 109.5, 44.7, 33.9 (20, 2616 (20, 25.9; tSRB*? tffflt 
C 1S H 1S N: C, 84.28; H, 8.16; N, 7.56. JOM: C, 84.12; H, 8.36; N, 7.36. 

I^J7 - 5 (4-(4-^T/^Jc-;w-^K>> ? ;i/^->^;i/fc;i/) tr^u ~j» 

5 AD^Mfe* : 4-^n^E-y^ (sOWltt^JDVtf-JV) tf^U 5?>0 • 0 mmol) 
^S^BI^ : 4->T/ 7xr;M F (2. 0 mmol) 

SmOQ: 6«fW • 

(253 mg, 79%) 

FTJK "Great): cm" 1 3014 (w),2943 (w), 2923 (w), 2856 (w), 2227 .(in), 1688 (s), 1466 
10 On), 1455 On), 1436 (m), 1273 (w), 1218 (s), 1125 On), 1057 On), 1009 On), 917 (w), 
838 On), 760 (s), 702 (s) ; 'H NMR (500MHz, CDClg) : 67.59 (d, 7=8.6 Hz, 2H), 7.39-7.26 
On, 7H), 5.16 (br s, 2H), 4.35 (br s, 2ft), 2.89 (brs, 2H), 1.90-1.78 On, 2H), 1.70-1. 58 
On, 2H); IS C NMR (125 MHz, CDClj): 6155.2, 150.8, 136.7, 132.4 (20, 128.5 (20, 
128.0, 127.9 (20, 127.6 (20, 118.8, 110.3, 67.2, 44.3 (20 , 42.7, 32.6 (20; 

is t^wst mm w^a- c, 74.98; h, 6.29. n, 8.74. mm-, c, 74. so; h, 6.42, 

N, 8.54. 

na^XUMl: 3— F5$J><1.0 mol) 

20' ®SB#^: 0.5B#^ ' 

(215 mg, 98X) 

FTIR (neat): cm 4 2923 (s), 2854 (s), 1590 On), 1569 (w) 1468 On), 1434 On), 1148 
(w), 1050 (w), 994 (w), 747 (s) ; 'H NMR (500 MHz, CDClj): 68.52 (d, /= 4.6 Hz, 
1H) 7.58 (td, 7= 7.6, 1.8 Hz, 1H) 7.14 (d, 7= 7.5 Hz, 1H) 7.09 (dd, 7= 6.9, 
25 4.9 Hz, 3H), 2.78 (t, 7=7.7Hz, 2H), 1.75-1.68 (m, 2H), 1.40-1.25 On, 14H), 0.89 
(t, 7 =6. 9 Hz, 3H); ,3 C NMR (125 MHz, CDClj): 6162.5, 149.2, 136.2, 122.7, 120.8, 
38.4, 31.9, 29.9, 29.6, 29.5 (20, 29.4, 29.3, 22.7, 14.1; TtMtift U#ffi C^: 
C, 82.13; H, 11.49; N, 6.38. SfSRHK: C, 82.01; H, 11.39; 6.19. 
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^6 . ... * . • 

■(FG)AV2rtCH2S'iMe 3 (2.0 eq) 
FeCI 3 (5 mol%) 
TMEDA (2.0 eq) 

(FG)R 8lkyr X ^ (FG)Rajw — Ai(FG) 

THF, 30 B C, 6 h 



B»0i (FG)R aIkyr x mmms&am «t*e*> 



7-1 








7-2 






72 


■7-3 




Et0 2 C.-^^2nL"' 


78 


7-4 


a/ 




90 


r-5 






79 


7-6 


/>CiqH 21 — ' 




98 



*<K LI* CH 2 SiMes 



5 KM 8 - 1 (5-7h*>>-2, 2-S?>9 t ;U-8-(7xryM5 : ;W'5 ! -h5t HP7^» 

£«B8fitSa&iUC 5^7xryi^(1.5irol)«^UVNny>fb»tL/T, 2-3 
-Hx^-^-;l/ l.l-5?^;W-2-^D-^yW7-fe^— Kl.O mnol)S<£fliUfc& 

tmaune - 1 (¥^a) 0 m&w^k(i98 mg, 76». 

FTIR (neat): cm' 1 3008 (w), 2962 On), 2933 On), 2873 (m), 1455 (w), 1366 (w), 1328 
10 (w), 1246 (w), 1096 (s), 1034 (s), 980 (s), 911 (w), 836 (w), 726 On), 699 (s) ; 'H 
NMR (500 MHz, CDCI3) h7>xm$&: (57.30-7.26 On, 2H), 7.21-7.15 On, 3H), 4.97 
(d, /=4.6Hz, 1H), 3.65 (dt, 7=9.7, 6.9 Hz, 1H), 3.30 (dt,,/=9.7, 6.9 Hz, 
1H), 2.74-2.66 On, 1H), 2.50-2.40 On, 2H)', 1.94-1.87 On, 1H), 1.82-1.72 On, 1H). 
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1.55-1.45 (m, 2H), 1; 38-1. 26 (ja, .2H), 1:30 (s, 3H), 1.13 (s, 3H), 0-89. (t, 7=7.2 
Hz, 3H), ^g'&fc 57.31-7.25 On, 2H), 7.22-7.14 Oh, 3H), 5.03-4.99 On, 1H), 3.71 
(dt, 7=9.7, 6.9 Hz, 1H), 3.34 (dt, 7=9.7, 6. 9 Hz, 1H), 2.75-2.68 On, lH), 2.57-2.49 
On, 1H), 2.27-2.18 On, lH), 2.12-2.04 On, 1H), 1. 78-1.65 (m, 1H), 1.60-1.48 (m, 

5 2H), 1.44-1.32 On, 2H), 1.26 (s, 3H), 1.23 (s, 3H), 0.92 (t, 7= 7.2 Hz, 3H) ; 13 C . 
NMR (125MHz, CDClj) h^>*^l*ffc: (5140.8, 128.7 (2C), 128.3 (2C), 126.0, lOl.L 
83.4, 66.6, 47.6, 40.0, 36.4, 31.8, 29.7, 23.8, 19.4, 13.9, yX»: 6140.9, 
128.6 (20, 128.4 (20, 126.0, 103. 0, 82.7, 67.7, 50.3, 39.0, 36.6, 31.9, 28.0, 
23,2, 19.4, 13.9; Ttmftffi WMl C 77.82; H, 9.99. mM\ C 77.69; H, 

10 10. 

%m&l 8-2 (5-^ h^>-2, 2->^3Ml^3-[3, 4-(*^l/>iWrv-) 7x-^fJH 
fiimtlT, ^4-(^k>^*^>):7x:^;WMg&(h5 mmoO^fflU 

15 (1 . 0 mmo 1) ^^ffl b^d^te!*!^ 6-1 £ m&omn*mik&fa*'&ft (^A) o M 
&mmm (264 mg, 86$ ; 

FTIR (neat): cm" 1 2964 On), 2935 On) , 2875 On), 1505 On), 1490 (s), 1441 On), 1366 
(w), 1245 (s), 1191 (w), 1096 (s), 1036 (s), 980 (s), 924 On), 812 (w); l H NMR (500 
MHz, CDCI3) b^>Xgffi#: 66.71 (d, 7 =8.0 Hz, 1H), 6.69 (s, lH), 6.61 (d,. / 

20 =8.0 Hz, 1H), 5.92 (s, 2H), 4.96 (d, 7 = 5. 2 Hz, 1H), 3-65 (dt, 7=9.2, 6.6 Hz, 
1H), 3.30 (dt, 7=9.2, 6. 6 Hz, 1H) , 2. 68-2. 59 On, 1H), 2.43-2.34 On, 2H>, 1.94-1.87 
On, 1H), 1.80-1.69 On, 1H), 1.56-1.46 On, 2H), 1.38-1.27 On, 2H), 1.30 (s, 3H), 
1.11 (s, 3H), 0.89 (t, 7= 7.4 Hz, 3H), ->7>g»66.72 (d, 7=8.0 Hz, 1H), 6.66 
(s, 1H), 6.61 (d, 7= 8.0 Hz, 1H), 5.92 (s, 2H), 5.03-4.98 On, 1H), 3.71 (dt, 7 

25 =9.7, 6.9 Hz, 1H), 3.34 (dt, 7=9.7, 6.9 Hz, 1H), 2.66-2.57 On, 1H), 2.48-2.40 
On, 1H), 2.27-2.18 On,' 1H), 2.07-1.97 On, 1H), 1.78-1.67 On, 1H), 1.60-1.47 On, 
2H), 1.43-1.30 On, 2H), 1.24 (s, 3H), 1.23. (s, 3H), 0.92 (t, 7= 7.2 Hz, 3H) ; ,3 C 
NMR (125 MHz, CDClj) h7>7,S*l*fr: 6147.5, 145.7, 134.6, 121.5, 109.1, 108.1, 
101.7, . 100.8, 83.3, 66.6, 47.8, 38.9, 36.1, 31.8, 29.7, 23.8, 19.4, 13.9, 
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mfc: 5147.5, T45.7; 134.7', 121. 4- 109- 0, 108.1, 103.0, 100.8, 82.6, .67.7, 50.4, 
39.0, 36.2, .31.9, 28.0, 23.2, 19.4, 13.8; tvM^ tffflL C,ft&: C, 70.56; H, 8.55. 
^!H»:C, 70.28; H, 8.60 
mfcM8- 3 (5-^h^->-2, 2-^^h3-(4-y7y7x-;W^)rh7t 
5 9»" 

3$WmM£MtL-T, 4->7y7i^W^D^H (2.0 B)l)«KiU AD 

(1. 0 mmol) £<gffl U 5jmm& 24 tmt Wt£0W*» SWJ 7-1 £l^8i0s£BrC*» 
C^ftB). &©W&IC(210 mg, 73*); . 

10 FTIR .(neat) : cm" 1 2962 On), 2933 Oil), 2871 (w), '2229 On), 1609 On), 1451 (w), 1366 
(w), 1328 (w), 1246 (w), 1094 (s), 1034 (s), 978 (s), 911 (w), 854 On), 822 On), 
764 (w); 'HNMR (500 MHz, CDC1,) h?>xm$&:. 57.58 (d, /= 8.2 Hz, 2H), 7.29 
(d, 7=8.6 Hz, 2H), 4.97 (d, 7=4. 6 Hz, 1H>, 3.65 (dt, 7=9.2, 6. 6 Hz, 1H), 3-30 
(dt, 7=9.2, 6. 6 Hz, 1H), 2.82-2.74 On, 1H), 2.55-2.39 On, 2H), 1.87-1.83 On, 1H), 

15 1.80-1.72 On, 1H), 1.56-1.46 On, 2H), 1.38-1.27 On, 2H), 1.32 (s, 3H), 1.13 (s, 
3H), 0.89 (t, 7= 7.4 Hz, 3H), •>» 5 7. 58 (d, 7 =8.0 Hz, 2R), 7.29 (d, 7 
= 8.6 Hz, 2H), 5.04-4.98 On, 1H), 3-71 (dt, 7=9.2, 6.9 Hz, 1H), 3.34 (dt, 7 = 
9.2, 6.9Hz, 1H), 2.82-2.74 On, 1H), 2.66-2.58 On, 1H), 2.22-2.13 On, 1H), 2.12-2.04 
On, 1H), 1:75-1.68 On, 1H), 1.65-1.45 On, 2H), 1.43-1.25 (in, 2H), 1.25 (s, 3H), 

20 1.22 (s, 3H), 0.92 (t,' 7= 7.2 Hz, 3H) ; "C NMR (125 MHz, CDClj) h7>*m&: 
5146.4, 132.2 (2C), 129.5 (2C), 118.9, 110.0, 101.6, 83.2, 66.6, 47.3, 38.7, 36.6, 
31.7, 29.6, 23.8, 19.3, 13.8, ->7,g«: 5146.5, 132.1 (2C), 129.4 (2C), 118.8, 
109.8, 102.7, 82.5, 67.5, 49.5. 38.5, 36.6, 31.7, 28.0, 23.2, 19.2, 13.7; TcMft 
CAiMV C, 75.22; H, 8.77; N, 4.87. C, 75.04; H, 8.84; N, 4.72. 

25 

m7 
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n-BuO' 



n-BuO' 



Ar 



A r 



A 



A 



76% (63/37) 



86% (64/36) 



8-3 




B 



. 73% (63/37) 



X xp , • * £ JR £ 5* -r . 

umm 9-1 9-i5 

bwmhtt&y ^—jvm&ttMttntis* suti/zu^-?** 1 1 20 moi*<z> 

10 ' Tin*.T)&>e> 50 c C~t? 1 Bt^it^U,'lSM<bT> : Ei=-^A7K«TSJS^ 
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FeCl3 (5 mol%) 
ZnC! 2 TMEDA (1.5 S§ ) 

PhLi (3.Q ) 
j M^M&m&pO mol% ) 

THF/Bu 2 0, 50 8 C, 1 h 



a p *oo 



GCJ|XIP(%) 









2 


3 


4 


1 

, — 


9-1 


MgBr2 




>98 


ASH 


aa 


0 


9-2 


CaC! 2 




0 




aa 


>98 


9-3 


BF 3 -OEt 2 




6 


3 


3 


<90 


9-4 


BEt 3 


1.0-M ^-y-lsfefc 


0 


1 


1 


>95 


9-5 


Me 3 SiCI 




3 


6 


2 


<90 


9-6 


SnCl 4 


1.0-M 


0 


2 


2 


>95 


9-7 


CuCI 2 


(120 °C, 1 h, <0.5 mmHg) 


0 


2 


3 


>95 


9-8 


T1CI4 


1.0-M h;ux>?§i$ 


>98 


1 


as 


<1 


9-9 


ZrCI 4 


(120 °C, 1 h,<0.5mmHg) 


90 


mm 




1P 


9-10 


HfCI 4 


tttt (120 °C, 1 h,<0.5 mmHg) 


76 


1 


1 
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9-11 


AICI3 




85 






12 


9-12 


Ga 2 CU 


( 80 °C, 1 h, <0.5 mmHg) 


10 


4 


5 


77 


9-13 


!nCI 3 


(120 °C, 5h, <0.5mmHg) 


0 




as 


>98 


9-14 


CeCI 3 


( 90 °C, 5 h, <0.5 mmHg) 


1 


1 


3 


>95 


9-15 


Sml 2 


1.0-M THF5§j& 


0 
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v rc »<& t> , i»*^fa*. & © © ^ d x # y 7 u > ^ km iz mn u 

- A (1 1 1) #&0&«^|gfi:&#UTV>S C ttfW Zfttetev t£.&te.mfc 



cat. FeCl3 
PhMg Br/TM EDA 



Ph Ph 



U-^oa^> (70.5 mg, 0.5 mmol) t FeCl 3 (0.5 mL © 0. 1 M THF 
mm, 0.05 mmol) THF (0.5 mL)#Jftfc, 50 "CT, 1 ISIfflfctofc 

•oX, isV>i?T$>7&frVX, H.0.25 mL 

© 0.96M THF 1.2 mmol) Rtf THBDA (181.1 |xL, 1. 2 mmol) <DM&W3 

GPC fc±*£j£TM8Wb'&4&a J 71H5©Jpl*T?#Snfc. 
25 ^7Xf^t?-l':] l H NMR (500 MHz, CDC1 3 ) 61.16 (d, / = 

6.9 Hz, 3H, -jO^fW-C.Wj), 1.23 (d, / = 6. 9 Hz, 3H, 
*©^7XfWt7- © .Ctf,), 1.76 (distorted dt, • / = 13.2, 7.4 
H«. 0.5H, -^©^y^rl/^T-Q. CH#, 1.87 (t, 7=7.4 Hz, 1H, t> 
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V—^O^T'^U^ — OOfft) , 1.94" (distorted dt. 7 = 13,2, 7. 4 Hz, 
0.5H, -J0y77f Wt^-O-CM-). 2.48 (sextet, 7=7,4 Hz, 1H, 
ti^-^O^TXfl/tT^O CM), 2.64 (sextet, 7= 7.4 Hz, 1H, — 
j0>?77fl/*7- <D Cm), 7.10-7.21 (m, 6H, 1^77fPt7-0 
^m&7°Uh», 7.26-7.31 (m, 4H, p§^77fl/f7-0^^D h 
». EI-MS (70 eV) m/z [M] + trJM* C 17 H 20 , 224. 2, ^fflMB 224. 0 

^SSPill 1 



cat. FeCIs 

Cl <?' Ci PhMgBr/TMEPA ? h Ph ph 



2,4, 6-h U & UW\Zf? >M mg, 0. 33 mmol) #XN*FeCl 3 (0. 5 mL of a 0. 1-M 
THF solution, 0. 05 mmol) <DM^<D THF BWz, 5QX:\ZX. 5 mffl\Zt>fc 
15 oT, >^>^bT, 7x-JK^e/>)A7D T-r H (1.25mL 
of a 0. 96-M THF solution, 1.2 mL) 2£.t£ TMEDA (181.1|aL, 1.2 mmol)0*I 

' -V&7mm°VKfo%&ik2 J &^ 3 mL CftX^I/TtlRtfc.' ^*'>U 
*y;K^W; Smx^W^ilUTjSMU, MflETTaif© Sit/to 
20 65«OiR^T#e.nfe' (77r>a^OTh^77-f- it$t?l£ : 

3S0> J 7Xfl / t'7 — Wi^tfaiQ) 'H NMR (500 MHz, CDCl 3 ) 61.04 (d, 7 
= 6.9 Hz, 1.0 H) 1.05 (d, 7 = 6. 9Hz, 1.4H), 1. 12 (d, 7 = 6. 9 Hz, 1.8H), 
1.15 (d, 7= 6.9 Hz, 1.8H), 1.69- 2.01 (m, 4H), 2. 30- 2. 62 (m, 3H), 
25 6. 96- 7.31 (m, 15H, ^fl7 , Oh», BI-MS (70eV)72m/z MP* WrWffi. 
C 25 H zg , 328. 2, ^$|{I 327. 9. 
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• ft. =-3fc •© tss a 

1. tib^: (i) -e^^n^»^#^t:^©^^T^o-c, 

R-A (1) 

*q§t*£b<«^£^S§«T&oT, MfB3g«, iil^xtt^-N (b) 

10 Ait, M&M b T V> t t> £ ^ c 4 ^ C 2 o tttt&£ * b T ^ 
R-X (2) 

15 "7\>i/t?*s. ] 

TSBiS; (3 a) TwStt*#fMK^*5'#Att&i:* 
A-Mg-Y 1 (3a) 

2. ftjtktt#t, ilXttti#tfe5^t*#ttt5, ffifjftJJI 1 fcBtt 
25 3 . y75>{^»^, 2 J^BB^TSS H t S^'tttS, S^llX 

« 2 \zmm.(o^mm^m<Dnm^m 0 
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5 .5. Aifi. flHfta£*^rUTVi"rt>«fcViC 4 '^C 2 o7'U— 

6. tib^; (i) T?**n*##»Eft^*©«jt^r»T?»oT, 

R'-A (1) . 

offcasts, xttiiistiT^Tfei^c^c ! 0 T;i/n^r^;^^ 
15 Ait. wmm*mvT^T%&^c 4 ~c 20 ^mmxuw&&&mvT^ 

TiExS (3 a) T?i$n5ffiT^->^A^It, 
A-Mg-Y 1 (3 a.) 

TIBtS; (4 b) T'^£nSM£Mb^t£SJS£l±, £^£-^£#3 III 
Z 3 - Z n - Z 4 (4b) 

R-X (2). 
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10 

15 10. tI^*UT^T i b < J:^C 4 ~C 20 7'J-;H^§^t 

1 1. T33:£ (1) TjS*n*»*»l'ft:'&'»©«3ll^T*oT, 
R-A (1) . 

20 ' [5£*K R«> B&g£^LTV>T*>«fcV>Mfc7.k§gg, XteU C ? ~C 10 ^ 

-~T?fsk-$n%m Btt**K : P»'fliSI3S*^rbTV>T'bJ:ViC 1 '-C 1 

TIB^ (3c) ^SnsSS&U^AK*^ 
• A- Li (3 c) . 
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tisss (4 b) -v^'n^mmt^mt^K^^, 

Z 3 -Zn-Z 4 (41?) 

[xS*, z 3 &£tfz 4 «> tn^n. s^c&sru m-^rc\tm^x\ 

T^^v^A, 3^>, >?;m-r>^, A7-^A, #U#ARtf 
10 R-X (2)' 

15 12. ftfth&**, ^iextt^aflet?**^^***^^-** i \z 

13. ^75>M^ 2 Jftffifc^T* ft^Jfil 

20 

14. iM§fLT^T%J;^M7MM> Xte> S&S 

w^i i~i 4CD^m^^tBm©^ : #^{t;-g-#j©Mjt^ 



1 

WO 2005/075384 PCT/JP2005/002529 

1 6. m zm&mit&vo&i- (4 c) T?^$h*^«Yb'&*T» 

M(Z')„ (4c) 

a, x«7;w5-^AT*o, z 1 ^ ^niaiT, iwi-x«s&o . 
] 

10 i 7/. -TB*"(1) Tw*n****ft^*©»jS'^j*Tf*r>T, 
R-A (1) 

fpisiKttwiiTSot, t9i3^«> mmm^xteje-N cb) 
'^75>(^fsST. tubs; (3 b) -v^nzi&WMw&umt. 

20 A-Zn-Y 2 (3 b) 

TiBiS (4 a) T^Snsv^S'tf Aft^tfcSJ&S^ 

Z'-Mg-Z 2 (4 a) 

25 [5£*, z 1 ^ ^^Tn^->s3^T?cbD, z 2 «, jyn, a^m. xum. 

R-X (2) 
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19. ^7 5>fb^W, 2j&@E&^T&££££#m<i:T3, ft5j<3fil 
10 . ■ ■ 

15 2 1. lttS€tl/WT^J:ViC 4 ~C 20 7iJ-;HE-e»«J:i: 

visits, flt&m 7-2 o©vi*rn*^ciB«©»#j»ft'&'»©«ji^ 
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